Introduction
During the past decades, significant efforts have been made to reduce eutrophication of the Baltic Sea. Recently, all the Baltic Sea countries and European Community (EC) adopted the newly formulated Baltic Sea Action Plan (BSAP) to reduce the anthropogenic nutrient load and restore a good ecological status of the Baltic Sea by 2021 (HELCOM, 2007) . Accordingly, country-wise annual nutrient input reduction targets were proposed to achieve this objective. The EC Water Framework Directive (EC, 2000) aims at achieving at least good status for almost all the water bodies in the coming years. Moreover, the EC Nitrate Directive (EC, 1991) provides a framework to (a) control the loss of nitrogen from the agricultural sources, (b) analyse the requirements for monitoring and assessment of trends, and (c) check the efficiency of measures applied to reduce the nitrate content in surface and groundwater as well as the coastal sea. The objectives of the European Directives and international conventions are reflected in the Estonian national regulations, particularly in the Estonian Environmental Strategy, 2030. To meet all the requirements laid down in BSAP, the EU Directives and national regulations need to have a proper understanding of the trends and drivers responsible for changing the nutrient´s content in surface waters and pollution load on the sea.
Significant changes in economic and social structures have taken place in Estonia since the late 1980s and early 1990s, resulting in improved wastewater treatment and lower intensity of agriculture (Iital et al., 2010) . Thus, the improved performance of wastewater treatment plants in Estonia, especially in large cities, have resulted in more than 70% decrease in nitrogen and phosphorus point load on the recipient water bodies in 2007 as compared to 1992 (Pachel et al., 2012) . In the agricultural sector, the use of inorganic fertilisers has dropped significantly, and in 2005 its amount constituted of only about 13% of the peak reached in 1987 -1988 (Statistics Estonia, 2006 . The total area of arable land (crop field and cultural grassland) also rapidly decreased, and in 2001, it constituted of around 60% of the arable land in the early 1990s (Statistics Estonia, 2002) . During the same period, the number of livestock units (LU) decreased by more than 60%, from 1,205,000 LU in 1990 to 442,780 LU in 2001 (Statistics Estonia, 2002 . However, the revitalisation of agriculture and centralisation of the agricultural land into large holdings has been observed in Estonia over the last decade. The total agricultural area (arable land, pasture, agricultural land temporarily not being used) has increased from 875,800 ha in 2001 (Statistics Estonia, 2002) to 966,000 ha in 2013 (Statistics Estonia, 2014a) . Currently, almost 90% of the agricultural land is in use. The application of mineral nitrogen fertilisers has also increased from 74 kg/ha in 2001 (Statistics Estonia, 2004) to 86 kg/ha of fertilised arable land area in 2013 (Statistics Estonia, 2014b) . The number of LU has not changed significantly in the recent years, and there were 432,624 LU in 2013.
In Estonia, the national water quality monitoring programme was revised in the beginning of 1990s to systematically collect long-term data on nutrient concentrations in Estonian waters and provide this information to the authorities and all other interested stakeholders so that they can devise suitable measures to control the loss of nutrients in surface and ground water bodies. According to the obtained results, agriculture proved to be a major source of water quality-related problems in Estonia. In order to protect the surface and ground waters from agricultural pollution, a nitrate vulnerable zone (NVZ) was designated in Pandivere and AdaverePõltsamaa areas in 2003. The NVZ forms only 7.5% of the Estonian territory but is characterised by more intensive agriculture compared to the other parts of the country, widely spread karst phenomena and particularly a thin Quaternary sediment cover (Keskkonnaagentuur, 2014a) . Over the past two decades, the quality of NVZ surface and ground waters have varied significantly (Keskkonnaagentuur, 2014a) . A recent report (Keskkonnaministeerium, 2012) on the implementation of the EC Nitrates Directive in Estonia revealed increasing trend of nitrogen in some rivers whose catchments are fully or partly placed within the NVZ. These increasing trends have been mainly explained by elevated runoff, although the consumption of fertilisers between the two reporting periods (2004-2007 and 2008-2011) in the NVZ counties have indicated increasing tendency. In 2008-11, the use of nitrogen fertilisers increased by 1.4 times in three NVZ counties as compared to the mean level in [2004] [2005] [2006] [2007] . The yields of cereals in the NVZ counties acted as an indicator of more balanced use of nutrients and also increased by about 20% between the periods 2004-2007 and 2008-2011. Many studies have shown that nutrient concentrations in streams and rivers depend on different interacting processes including hydro-geographical conditions and land use practices (Arheimer, Liden, 2000; Bechman, Stålnacke, 2005) . In agriculture dominated catchments and streams, the level of fertilisers application, the proportion of cultivated land, agricultural management practices, soil type, and crop species could act as factors that determine nutrient concentrations. However, according to Iital et al. (2010) , there still exist many knowledge gaps in nutrient loss processes, making it difficult to draw direct relationships between changed land-use practices and water quality. The time-lag between gross emission changes and stream water quality can also prove to be remarkable. In order to set a clear distinction, the present study was conducted taking into account the long-term patterns with more recent monitoring data. Thus, the study aimed at investigating the current status of Estonian rivers and determining any trends in nitrate-nitrogen (NO 3 -N) and total nitrogen (TN) concentration in river waters between 1992 and 2013. Another aim of the study was to investigate the possible relationships between these recent changes in water quality and land use or hydrological conditions. Such country-based analysis is important to determine the major factors influencing the trends in nitrogen concentration and developing realistic management practices that can improve the water quality in the Estonian rivers.
Materials and Methods

Study area
All the watersheds of Estonia (45,227 km 2 ) drain into the Baltic Sea. The Estonian climate and vegetation are characteristic of the temperate zone; however, the closeness to the sea causes certain differences between the coastal and inland areas. The mean air temperature in January varies from −6 to −7 °C in Central and East Estonia and −2 to −4 °C in the Western part of the country. The average air temperature (16-7 °C) in July is more homogeneous throughout the country. The mean annual precipitation is about 661 mm (Tarand et al., 2013) that exceed the longterm evaporation, which is around 460 mm. The snow cover during winter varies considerably amongst the country's regions and lasts on an average for 75-135 days. The topography of the country is mostly flat with some uplands of about 75-100 m above the sea level. The soils of Estonia are characterised by high diversity due to different composition of parent material and diverse water conditions, a large share of peat land and peaty soils (about half), plenty of calcareous soils and the high content of rocks (FAO, 2006) . The brown typical and lessive soils are the most productive agricultural soils in Estonia and are mainly distributed in Central part of the country and Pandivere Uplands including the NVZ areas. Slightly over 50% of the land is covered by forests, and the agricultural land constitutes approximately 31% of the land area available (Keskkonnaagentuur, 2014b) .
Fig. 1. The location of sampling sites
Journal of Water Security, 2015, Vol. 1, jws2015004 39 The present study covers almost the entire territory of Estonian mainland and is based on the long-term (1992-2013) monitoring data series from 43 sampling sites and 32 rivers that have a catchment size ranging from 34,8 km 2 (Preedi-Varangu) to 56,060 km 2 (NarvaNarva) (Fig. 1 , Table 1 ). The proportion of agricultural land in catchments varies from 8% in Mustajõgi-Mustajõe to 67% in Valgejõgi-Porkuni. At present, nearly 60% of all agricultural land in Estonia is used as sown area of the field crops, of which more than half (53%) is under cereals, 28% is used for the production of forage crops, 15% is under industrial crops and the rest 4% is used for vegetables, potatoes and legumes production (Statistics Estonia, 2014a). 
Data sources and sampling strategy
The water quality data was obtained from the national environmental monitoring data bank. The sampling frequency of grab samples amongst the monitoring sites was quite different, thus varying from monthly time resolution to 3-4 samples per year ( Table 2 ). The sampling frequency was constant at only 19 monitoring sites, and the samples were taken every month or once every two months. In another 21 cases, the sampling frequency had decreased during the monitoring period, particularly after 2006. It is possible that decreased sampling frequency could affect the trends in TN and NO 3 -N in these rivers, although this interrelation was not directly investigated. On the contrary, at three sampling sites (Ahja-Kiidjärve, Pudisoo-Pudisoo and Vihterpalu-Vihterpalu), the monitoring frequency had increased from 6 to 12 per year. The flow data for all studied water quality stations was gained from the Estonian Meteorological and Hydrological Institute (EMHI). The river flow was not always measured at the same point where the water-quality information was collected. Therefore, specific runoff of the catchment was used to recalculate stream flow at the point from where the water samples were taken. Analysis of the water samples was carried out in Estonian accredited laboratories using standardised methods such as ISO 11905-1 for TN and ISO 10304-1, ISO 7890-3, or ISO 13395 for NO 3 -N. The land-cover data was taken from the updated CORINE Land Cover (CLC) maps (reference year: 2006) . According to the CLC data, the land use was classified into six categories: agricultural land, forest lands, wetland, artificial land and water. Specific information concerning agricultural practices and the type of crops being grown in the studied catchments was taken from the Estonian Agricultural Registers and Information Board (PRIA). Information on fertilisers application and number of livestock within the Estonian counties was taken from the Statistical Office of Estonia. It was assumed that the county data will be representative for river catchments that are mostly located within the county borders. The information on soil type was gained from the Estonian Land Board.
Statistical methods
In the present study, a modified version of the classical Mann-Kendall (Mann, 1945; Kendall, 1975) test, referred to as the partial Mann-Kendall test (PMK), was carried out to identify the trends in NO 3 -N and TN concentrations in surface waters. This statistical non-parametric method is widely used to detect the monotone trends in hydrological, climatic, water quality, and other natural time series (Hirsch et al., 1982; Hipel et al., 1988; Onoz, Bayazit, 2003) . While assessing the water quality data, hydro-meteorological conditions can lead to natural fluctuation in the nutrient concentration time series and impede the detection of a human-induced trend (Stålnacke, Grimvall, 2001 , Stålnacke et al., 2014 . In order to deal with the influence of such fluctuations, it is important to include some explanatory variables (e.g., meteorological or hydrological). In our case, the water discharge (Q) was included in the analyses as such a variable.
Results and discussions
In the present study, the PMK test revealed statistically significant (P-value ˂ 0.05; two-sided test) downward trend in TN at 13 monitoring stations and upward trend at 4 sampling sites (Table 2) . Thus, most of the studied streams and sites did not show any trend in TN. The downward trend in TN was observed mainly in southern and south-eastern part of the country, both in catchments with relatively high share (40-50%) of agricultural land (Võhandu, Tarvastu, Väike-Emajõgi-Tõlliste) as well as in areas dominated by forest lands (Tagajõgi, Alajõgi, Õhne-Roobe, Rannapungerja). These findings were confirmed by the results of the earlier studies covering 53 Estonian sampling sites on 40 rivers and streams for the period 1992-2006 (Iital et al., 2010) in which statistically significant downward trends in TN were found at 18 sampling sites. The results of other investigation conducted in Estonia for period 1986 -2001 (Iital et al., 2005 indicated downward trends in TN concentration in 20 out of 22 sites in the Lake Peipsi drainage basin. Such rapid decline in TN concentrations in many Estonian rivers as a response to changed agricultural practices is somewhat surprising. With similar hydro-meteorological conditions as that of Estonia, Latvia has also experienced significant decrease in the application of fertilisers at the beginning of the 1990s, resulting in limited response of nitrogen concentrations in Latvian rivers (Stålnacke et al., 2003) . Amongst the Lithuanian rivers, only one of the seven sites studied showed a statistically significant downward trend in the TN and one in the NO 3 -N data for the period 1991-2000 (Povilaitis, 2006) . For the case of large Nemunas River in Lithuania, Sileika et al. (2006) reported even a continuous strong increase of nitrate concentration in the surface water, probably due to a large storage and accumulation of soil nitrogen before the 1990s. The downward trend for TN in the rivers Tagajõgi and Alajõgi might be explained by large tracts of forest areas (85% and 83%, respectively) in the catchment and insufficient maintenance of the drainage ditches during the last decades that led to the overgrowth of bushes and microphytes, which in turn enhanced denitrification and biological uptake (Iital et al., 2005 , Iital et al., 2010 . The share of peaty soils in these catchments varies from 18 to 39%, and more than 40% of these soils represent fens that are commonly drained. The share of NO 3 -N in TN in the catchments of rivers Tagajõgi and Alajõgi are rather low (28% and 24% respectively). The nitrate concentration and runoff often increases with drainage improvements (Skaggs et al., 1994) ; however, it diminishes over time in conditions when the drainage systems are not well maintained. Poorly drained soils and elevated water table could contribute to the lower nitrogen content and losses resulting due to enhanced denitrification (Gambrell et al., 1975) . The statistically significant upward trend for TN in the Narva-Narva, Leivajõgi-Pajupea, Saarjõgi-Kaansoo and
Halliste-Riisa monitoring sites (Fig. 2) did not appear in the similar analysis made over the period of 1992-2006 (Iital et al., 2010) , although an increasing tendency has been detected, except for the river Narva. The catchment properties as well as the types of land use activities of these sites are different. Therefore, these upward trends cannot be explained by a single factor alone. Particularly, statistically significant increasing TN trend at the NarvaNarva station is difficult to explain. The water quality of the river Narva is largely determined by the water quality of Lake Peipsi. The nitrogen content in the river at the Narva-Narva site is rather low (mean concentrations during monitoring period is 0.67 mg N/l) and comparable with the mean TN levels in the lake that is below 1 mg N/l. Nitrogen concentrations in the lake as well as at the Narva-Vasknarva site do not show any statistically significant upward trend. The trends in TN concentrations in rivers discharging into the lake are even negative in most of the cases. The mean content of TN in the rivers Halliste and Saarjõgi is rather low (e.g. 1.6 and 1.3 mg N/l, respectively) as compared to the river Leivajõgi where it accounts to 4.4 mg N/l. The formation of NO 3 -N is less than 50% in the rivers Halliste and Saarjõgi while it is higher (67%) in the river Leivajõgi. The share of arable land in the catchments of Leivajõgi, Saarjõgi and Halliste does not exceed 20% (Table  1) . Peaty soils in the catchments of Saarjõgi, Halliste and Leivajõgi form 19, 23 and 53%, of the total soil content respectively. The upward trends in these rivers can be attributed to the rather high content of humic substances from the wetland areas. The results obtained while monitoring the small catchments in Estonia with a high share of drained fens indicated that the TN concentrations often exceed 5 mg/l. The rising trend of TN has been accompanied by the upward trend of water colour and chemical oxygen demand (COD) during the monitoring period. For NO 3 -N, statistically significant downward trend was detected only at three sampling sites: Tagajõgi-Tudulinna, Kunda-Lavi and Velise-Valgu (Fig.3) . Notably, the monitoring station, Kunda-Lavi is rather representing the groundwater quality of Pandivere area, which belongs to Estonian NVZ. The downward trend in Kunda-Lavi station is difficult to explain since according to groundwater monitoring data, the content of nitrates in ground water bodies in the NVZ has not shown any decreasing tendency over the last decade, although the NO 3 -N content in Lavi springs is already low, i.e. around 0.56 mg N/l. The factors that led to decreasing trend of NO 3 -N in the rivers Tagajõgi and Velise-Valgu are probably the same that caused downward trend and downward tendency for TN, e.g. a large share (85% and 74%, respectively) of forest areas in the catchment and enhanced denitrification and biological uptake due to the insufficiently maintained drainage ditches. The share of agricultural land in the catchments is low (10% and 21%, respectively) owing to which the water quality mostly represents undisturbed catchments. NO 3 -N forms only 28% of the TN in the river Tagajõgi and 41% in the river Velise. The statistically significant (P-value ˂ 0.05) upward trend in NO 3 -N was found at nine stations: Pedja-Jõgeva, Pedja-Tõrve, Põltsamaa-Rutikvere, Porijõgi-Reola, AhjaKiidjärve, Ahja-Lääniste, Avijõgi-Mulgi, Pärnu-Tahkuse and Pärnu-Oore (Fig.3) . Pronounced upward trend in NO 3 -N in so many streams can indicate the enhanced mineralization of organic nitrogen. The upstream parts of the rivers Pedja, Põltsamaa and the source of river Avijõgi are located in the NVZ and fed by springs. The results obtained by monitoring the nitrate content in groundwater in the NVZ revealed increasing tendency in central and southern parts of the NVZ over the past years that probably contributed to the overall increase in NO 3 -N content in these rivers. The increase over 5 mg NO 3 /l occurred in 53 groundwater monitoring sites and the increase by 1 to 5 mg NO 3 /l in 22% of sites between the periods 2004 -2007 and 2008 -2011 , respectively (Keskkonnaministeerium, 2012 . The increasing NO 3 -N levels can be attributed to the increased use of nitrogen fertilisers, e.g. by 1.7 times higher in 2008-2011 compared to that in 2004-2007 in the Jõgevamaa county where the river catchments are located. This increase in the consumption of fertilisers was accompanied by the increase in cereal yields in this county by only about 19% during the same period, thus indicating the higher risk for loss of excess nitrogen.
Upward trend in NO 3 -N in the rivers Pedja, Põlt-samaa, Porijõgi, Ahja and Avijõgi can, to some extent, be explained by the statistically significant increasing trend of inorganic nitrogen content in precipitation measured at meteorological stations located within or near the river catchments (Sademete seire, 2015) . Nitrogen concentrations are particularly high during winter season when most of the nitrogen loss from agricultural land typically occurs (Øygarden et al., 2014) . Annual deposition of nitrogen measured at the Alam-Pedja, Loodi and Otepää meteorological stations has been rather high reaching to 6.6 kg N/ha in 2014 (Sademete seire, 2015).
The statistically significant upward trend in NO 3 -N in the rivers Porijõgi, Ahja and Avijõgi was accompanied by the decreasing tendency in TN concentrations, e.g. the share of inorganic nitrogen in TN was increasing. The subsurface drainage water monitoring results at selected fields in Tartu country, where almost the entire catchment of river Porijõgi is located, revealed a high nitrate content, which exceeded 50 mg NO 3 /l in all samples tested during 2007 (PMK, 2014 . Agricultural land covered more than 50% in Porijõgi catchment and expanded over 27% since 2006. Thus, this upward trend can be attributed to more intensive agricultural production. The predominant substrate on the river bed of the river Ahja mostly consists of sand and gravel, and its water is rich in oxygen. These natural conditions favour the growth of nitrobacteria and helps in enhancing the nitrification process. However, intensification of agricultural activities, particularly the noted increase in application of manure by 56% between the periods 2007-2009 and 2010-2013 in Põlvamaa county where the Ahja catchment is located, is likely to be a more dominant factor influencing the NO 3 -N content in the river.
The upward trend in NO 3 -N was also detected in Pärnu-Tahkuse and Pärnu-Oore that are located in the downstream of river Pärnu -one of the longest rivers in Estonia. This upper reaches of the river Pärnu flow through the most intensively used agricultural land area in Estonia -Järvamaa country. The river catchment further includes large mire systems, floodplain grasslands and forests. Due to the large water volume and diverse river basin characteristics, the changes in NO 3 -N concentrations in river Pärnu need more detailed investigations and perhaps cannot be directly attributed to the recent changes in nutrient emissions in the river catchment.
Conclusions
• Nitrogen concentration in most of the rivers and sampling sites did not reveal any statistically significant increasing or decreasing trends. It can probably be explained by the time lag between changes in the land use practices and water quality as well as a temporal change in the direction of the trend over the study periods.
Statistically significant (P-value ˂ 0.05; two-sided test) downward trend in TN was detected at 13 monitoring stations, representing both agricultural as well as forest areas. The same downward trend for the same monitoring stations was detected in an earlier study conducted for the period 1992-2006 (no previous results were available for Väike-Emajõgi-Tõlliste).
• Statistically significant (P-value ˂ 0.05; two-sided test) upward trend in TN was observed at four sampling sites. Since 1992, such upward trends were detected for the first time.
• The statistically significant (P-value ˂ 0.05; two-sided test) downward trend in NO 3 -N was detected at three sampling sites while the upward trend was found at nine monitoring stations. In addition, the upward trend in NO 3 -N in the rivers Porijõgi, Ahja, and Avijõgi was accompanied by the decreasing tendency in TN concentrations, e.g. the share of inorganic nitrogen in TN had increased.
• The catchment characteristics and land use practices in the monitoring stations where the upward trend in NO 3 -N was detected are different. Therefore, it is hard to come up with a single major factor to explain such a phenomenon. The most probable reason could be the intensification of agricultural activities in the rivers' catchments, such as the expansion of agricultural land and increased use of nitrogen fertilisers. However, more detailed investigation for each concrete catchment is needed to suggest more reliable explanations and draw cause-effect relationships between the changes in river catchments and observed water quality parameters. In addition, the relatively large size of the investigated rivers (in general more than 200 ha) where any trend in TN or NO 3 -N was not observed can lead to remarkable time lag between the changes in land use practices and water quality.
• The increase of NO 3 -N content in four monitoring sites of NVZ is particularly alarming. Only one river in NVZ indicated statistically significant decreasing trend in NO 3 -N. Perhaps, inculcating good practices by the farmers located in NVZ and development of more specific action plan to control nutrient losses is needed.
